Abstract. Achondroplasia (ACH) is a skeletal dysplasia that presents with limb shortening, short stature, and characteristic facial configuration. ACH is caused by mutations of the FGFR3 gene, leading to constantly activated FGFR3 and activation of its downstream intracellular signaling pathway. This results in the suppression of chondrocyte differentiation and proliferation, which in turn impairs endochondral ossification and causes short-limb short stature. ACH also causes characteristic clinical symptoms, including foramen magnum narrowing, ventricular enlargement, sleep apnea, upper airway stenosis, otitis media, a narrow thorax, spinal canal stenosis, spinal kyphosis, and deformities of the lower extremities. Although outside Japan, papers on health supervision are available, they are based on reports and questionnaire survey results. Considering the scarcity of high levels of evidence and clinical guidelines for patients with ACH, clinical practical guidelines have been developed to assist both healthcare professionals and patients in making appropriate decisions in specific clinical situations. Eleven clinical questions were established and a systematic literature search was conducted using PubMed/MEDLINE. Evidence-based recommendations were developed, and the guidelines describe the recommendations related to the clinical management of ACH. We anticipate that these clinical practice guidelines for ACH will be useful for healthcare professionals and patients alike.
Introduction

Summary and diagnosis of achondroplasia
Achondroplasia (MIM 100800, hereafter referred to as "ACH") is a skeletal dysplasia that presents with limb shortening and short stature (1, 2) . Although the exact frequency of achondroplasia is unknown, it is estimated to affect more than 250,000 individuals worldwide and is reported to occur with an incidence of one in every 10,000 to 30,000 births (2, 3) .
It is characterized by a conspicuous rhizomelic shortlimb short stature, characteristic facial configuration (relatively large cranium, protruding forehead, a flattened nasal bridge, hypoplasia of the midface, and relative protrusion of the mandible), and a trident configuration of the hands. Plain X-ray images show shortened tubular bones with increased diameter, broad and irregular metaphyses of the long bones that exhibit cupping, shortened femoral necks, fibula bones that are longer than tibia bones, narrowing of the distance between the lumbar pedicles, posterior scalloping of the lumbar vertebral bodies, narrowing of the sciatic notch, a horizontal acetabular roof, shortening of the base of the skull, and facial hypoplasia (Fig. 1) . Platyspondyly is sometimes observed in the neonatal period. The diagnosis is made when the symptoms and bone X-ray images are consistent ( or.jp/entry/4571). An enlarged head circumference (above the 97th percentile), shortening of the femoral bone (below the 5th percentile), and trident hand are observed in the fetal period (4) . The characteristic clinical symptoms and radiological findings for ACH are observed starting from the neonatal period, although approximately 20% of patients are not diagnosed at this time (5) . Foramen magnum narrowing, ventricular enlargement, sleep apnea, upper airway stenosis, otitis media, a narrow thorax, spinal canal stenosis, spinal kyphosis, malformation of the lower extremities, and joint hyperextensibility are also observed with ACH. Further information is available from the numerous reports available on the Gene Review Japan homepage (http://grj.umin.jp/grj/achondroplasia.htm). Outside Japan, papers on health supervision aid the follow-up of patients with achondroplasia (4-6). However, the details are based on reports and questionnaire survey results, due to a lack of data with a high level of evidence.
Etiology
A Gly380Arg mutation of the FGFR3 gene, located on chromosome 4p26.3, is observed in ≥ 97% of patients with ACH (nearly always c.1138G>A, but sometimes c.1138G>C), and the genotype homogeneity is high (7, 8) (GeneReviewsJapan: http://grj.umin.jp/ grj/achondroplasia.htm). The disease is characterized by an autosomal dominant inheritance, although approximately 80% of cases are due to new spontaneous mutations in patients born to healthy parents (2) .
Pathophysiology
FGFR3 binds to FGF18 or FGF9 and as it undergoes autophosphorylation, it activates downstream intracellular signaling molecules. Along this route, it passes from FRS2α to GRB, SOS, and RAS and activates the transcription factor Sox9 via the Raf/MEK/ERK pathway. One route suppresses the hypertrophy of chondrocytes, while the other results in activation of Stat1, which in turn activates p21 and suppresses chondrocyte proliferation.
When FGFR3 possesses a mutation as a result of ACH, it is constantly activated, autophosphorylates FGF receptors, and causes the activation of downstream intracellular signaling molecules Raf/MEK/ERK and Stat1 (8) . This results in the suppression of chondrocyte differentiation, and cartilage matrix production and proliferation. This in turn impairs endochondral ossification, the process by which bones are formed from cartilage, resulting in poor extension of the long bones, such that patients present with short-limb dwarfism.
The majority of the bones that make up the vertebral bodies and the base of the skull are formed by means of endochondral ossification; thus, the ossification of the aforementioned bones is impaired, resulting in foramen magnum stenosis, ventricular enlargement, and hydrocephalus due to poor circulation of cerebrospinal fluid, and spinal canal stenosis. Symptoms and complications
Height
Although shortening of the extremities is observed from the neonatal period, the neonatal body length is not affected to the same extent. The mean body length is 47.5 cm for boys and 47.0 cm for girls, and the short stature becomes more conspicuous as the child grows (9) . No growth spurt is observed during puberty, and the degree of dwarfism appears comparatively worse at this time. The adult height is approximately 130 cm for men and 124 cm for women (9) . The height of adults with achondroplasia in reports from the USA is similar to that in reports from Japan (10).
Monitoring, development, and quality of life
Monitoring and early intervention are important because it has been reported that sudden death caused by spinal cord compression due to foramen magnum stenosis in the head and neck transition region is observed in 5%-10% of these cases (5, 11) . It is essential to monitor the growth and development and to evaluate them by referring to the standards for ACH in terms of the patient's height, body weight, head circumference, and development (2, 5, 10, 12) . The head circumference in achondroplasia is usually larger than in unaffected children, and gross motor skills are often delayed, although fine motor skills are usually not delayed. The process of speech development varies, and overall, most patients with ACH have no cognitive development problems. Patients with ACH will have physical disabilities; they may face limitations in locomotion, self-care, daily activities, or school activities (2, 11) . It should be recognized that children with ACH will have a different development profile compared to healthy children (12, 13) . It has been reported that adult patients with ACH generally have a lower annual income, academic background, self-esteem, and quality of life (QOL) compared to their healthy siblings (14) . Researching and, as much as possible, eliminating the causes of disability in daily activities or social activities are essential for patients with ACH (15).
Foramen magnum stenosis
Spinal cord compression at the cervicomedullary junction due to foramen magnum stenosis is common, but B. Findings on plain X-ray examination 1. Limbs (frontal view): Tubular bones are thick and short; metaphysis of long bones having a large width, irregular with a cup-shaped deformity (cupping); shortening of the femoral neck; belt-like translucency of proximal part of femur; characteristic reverse V shape on the distal femur epiphysis; fibula is longer than the tibia (fibula length/ tibia length) > 1.1; determination is difficult during infancy because ossification is not yet progressed. 2. Spinal column (frontal view, lateral view): Progressive decrease in the interpedicular distance in the lumbar spine (interpedicular distance ratio of L4/L1 < 1.0) (not prominent during infancy); concavity to the posterior lumbar vertebral body. 3. Pelvis (frontal view): Narrowing of the sciatic notch; iliac wing hypoplasia with a rectangular or round shape; the acetabular roof is flat, and the cavity of the lesser pelvis resembles a champagne glass. 4. Cranium (frontal view, lateral view): Basicranial shortening, facial bone hypoplasia 5. Hand (frontal view): Trident hand, and tubular bones are thick and short.
C. Differential diagnosis
The following disorders are included in the differential diagnosis: Skeletal dysplasia, such as hypochondroplasia, metatropic dysplasia, and pseudoachondroplasia. When the differential diagnosis is difficult based on clinical symptoms and X-ray findings, a genetic diagnosis should be performed.
D. Genetic testing G380R mutation is observed on the fibroblast growth factor receptor 3 (FGFR3) gene.
<Diagnostic category>
Definite: Satisfies all 3 items from A and 5 items from B, and excludes differential diagnosis diseases identified in C. Or, satisfies D for Probable or Possible. Probable: Satisfies at least 2 items from A and at least 3 items from B, and excludes differential diagnosis diseases identified in C. Possible: Satisfies at least 2 items from A and at least 2 items from B, and excludes differential diagnosis diseases identified in C. the frequency of symptomatic spinal cord compression is low (11) . However, symptoms such as sleep apnea, respiratory disorders, myelopathy, hydrocephalus, and sudden death have been observed. Moreover, it has been reported that a foramen magnum decompression procedure was needed on 6.7%-13.3% of patients with ACH by the age of 2 (16, 17) . There is no consensus on how best to evaluate the complications related to foramen magnum stenosis, or the optimal time for intervention. To decrease spinal cord compression at the cervicomedullary junction, the head and neck region should be treated with care during the early stages of infancy and sitting position walkers or baby sling carriers should not be used during this period. Recently, a multidisciplinary expert panel announced consensus guidelines regarding foramen magnum stenosis based on the Delphi method (18) . An imaging examination is recommended in cases where abnormalities are observed in the medical history, physical findings, and polysomnography.
Ventricular enlargement
Ventricular enlargement is commonly observed in achondroplasia. Furthermore, basicranial hypoplasia due to impaired endochondral ossification produces jugular vein stenosis, which in turn blocks the cerebrospinal fluid flow. Elevated dural venous sinus pressure is also said to contribute to ventricular enlargement (18) . The ventricular enlargement in ACH is generally communicating, and true hydrocephalus (ventricular enlargement accompanied by neurological symptoms) is rare; however, this is one of the more severe complications (2) . Symptoms of hydrocephalus include irritability, anterior fontanelle bulging, headache, vomiting, papilledema, abducens nerve paralysis, hemiplegia, loss of consciousness, hypertension, and bradycardia. Careful observation is recommended, especially up to around the age of 1 yr (11) . A ventriculoperitoneal (VP) shunting procedure should be conducted on hydrocephalus in which intracranial hypertension symptoms are observed.
Spinal canal stenosis
Spinal canal stenosis is frequently observed in older children and adults with ACH (1). The symptoms of spinal canal stenosis include pain in the extremities, numbness, muscle weakness, motor impairment, intermittent claudication, bladder, and rectal disorders. It has been reported that a diagnosis of spinal canal stenosis is made for 6.5% of patients by age 20 and 17% of patients by age 40, and approximately 40% of these patients undergo surgery (19) . Lumbar spinal canal stenosis is caused by narrow vertebral columns, protruding intervertebral discs, protrusion of the vertebral bodies, vertebral body kyphosis and wedge deformation, excessive lumbar lordosis, and instability of the vertebral bodies (11) . Challenging sitting positions should be avoided to reduce spinal canal deformity. It is desirable that spinal laminectomy be performed by an experienced surgeon before irreversible damage to the spine occurs (1).
Spinal kyphosis
Thoracolumbar vertebral kyphosis is a frequently observed complication of ACH. Reversible kyphosis is observed in at least 90% of infants with ACH, but the condition improves when the infants start to walk (11) . However, the kyphosis progresses during childhood and adolescence, and irreversible kyphotic deformity is observed in 15%-30% of adults; we believe that the kyphosis contributes to the spinal canal stenosis. It is considered that being in a seated posture early on is a risk factor for cuneiform deformation of the anterior vertebral bodies, kyphosis, and spinal canal stenosis (20, 21) . It is recommended that the patients not be forced into a seated posture until the patient can maintain a sitting posture independently.
Obstructive sleep apnea and respiratory symptoms
Respiratory signs and symptoms are frequently observed in patients with ACH. Thoracic cage hypoplasia, upper airway obstruction, and compression in the cervicomedullary transition region are considered to be the main causes (11) . Upper airway obstruction is common, and 10%-85% of patients require treatment for sleep apnea or chronic respiratory disorders. The frequency of upper airway obstruction is high, and polysomnography is reported to be effective (22) . Many cases have been reported of patients with ACH who have central/obstructive sleep apnea syndrome, gastroesophageal reflux, restrictive lung disease, and chronic heart failure (23) . Regular evaluation of sleep apnea through polysomnography is recommended so that the timing for surgical intervention is not missed (5).
Otitis media, hearing loss, and dentistry
Persistent or recurrent otitis media is frequently observed in children with ACH. It is reported that almost 90% of children with ACH have experienced otitis media by age 2, and chronic and recurrent otitis media is observed in at least 25% of the children (19) . The relationship with central facial hypoplasia, shortened eustachian tube, small pharynx, relative hypertrophy of the adenoids/tonsils has also been pointed out. The consensus for recurrent otitis media is proactively to perform adenoid tonsillectomy or a ventilation tube placement procedure (1) . It is reported that at least 50% of children with ACH will undergo the ventilation tube placement procedure by age 5 (6) . Recurrent otitis media is a risk factor for conductive hearing loss, and at least 50% of adult patients with ACH will experience hearing difficulties (24, 25) . Hearing loss causes speech delays and can also affect communication skills, so early hearing tests are recommended. In addition, irregular dentition sometimes becomes a problem (2) , and central facial hypoplasia is assumed to be a primary factor. ACH, and as a result, the patient may be unable to reach his/her parietal region, central back area, or buttocks (11) . In addition, impaired extension of the elbow and hip joints and hyperextension of the finger joints are frequently observed. Disorders of hip joint extension are presumed to contribute to lumbosacral lordosis and lumbar back pain. Furthermore, genu varum is often observed in adolescents and adults with ACH, and genu varum malformations exhibit rapid progression from infancy to school age; this is observed in ≥ 40% of adults and can cause chronic lower limb pain and gait abnormalities (19) . It has been reported that 22% of patients underwent tibial osteotomy primarily between the ages of 12 and 20 yr.
Complications in the limbs
Obesity
Obesity is a common complication of ACH, and affects obstructive sleep apnea, genu varum, spinal canal stenosis, and lordosis (11) . Cardiovascular deaths are commonly reported in patients with ACH, and it is important to manage the body weight appropriately with reference to a growth curve specific to ACH (26) (27) (28) (29) (30) .
Treatment
GH treatment
GH treatment is approved for patients with ACH satisfying the following criteria in Japan. To start treatment for ACH with human GH, the patient must satisfy all of the following selection criteria (i)-(v): (i) At least age 3 yr for both boys and girls (body height measurement while standing can be used); (ii) bone age for boys is under 17 yr, and for girls is under 15 yr; (iii) the current body height is 3 SD below standard compared to children of the same sex and age; (iv) the patient must exhibit the physical characteristics of ACH; (v) an MRI • CT examination shows no complications such as foramen magnum stenosis, lumbar spinal canal stenosis, hydrocephalus, and spinal/cauda equina compression sufficient to warrant surgical treatment. In addition, no clinically challenging neurological symptoms due to this compression should be detectable. There are some reports of the short-term efficacy of GH treatment on body height, including those in which the improvement in body height SDS was 1.3 SD with a low dose, and 1.6 SD with a high dose within 5 yr (31). Furthermore, it has been demonstrated that the rate of height gain was 2.6 cm/yr in Year 1, and 0.7 cm/yr in Year 2 (32) . On the other hand, there are also reports that the SDS improvement stopped at 0.3 SD after 3 yr of GH treatment (33) . In examinations of adult height, increases of 0.6 SD (3.5 cm) in males and 0.5 SD (2.8 cm) in females (34) have been reported.
Limb lengthening procedures
Limb lengthening procedures are usually performed to improve the short stature and shortened extremities in patients with ACH. Lower limb lengthening procedures utilizing external fixators require a long treatment period and there are frequent complications; therefore, it is desirable that the decision to undergo leg lengthening procedures should be made by the patient themselves.
By considering at what age the patient would be able to do this, this procedure is only recommended for patients older than 12 yr (35) . In a meta-analysis of lower limb lengthening procedures for ACH and hypochondroplasia, the average age was 14.5 yr, the average body height gained was 9.5 cm, the healing index (number of days required to lengthen the bone by 1 cm) was 30.8 d/cm, and the complication rate for lower leg or thigh lengthening procedures was 0.68 (36) . Reported sequelae include drop foot, residual peroneal nerve paralysis, and valgus deformities of the knee and ankle joints. In a report of lower limb extension procedures in Korea, the average age was 14 yr and 4 mo, the average gained body height for the thigh bone was 8.4 cm, and 9.8 cm for the tibia. The healing index for the femur was 28.1 d/cm and 10.7 d/cm for the tibia. The rates of complications for bone lengthening procedures were 0.41 for the femur, and 0.41 for the tibia (37) . According to previous reports, complications include bone fractures after external fixator removal and hip joint contractures. There are few reports that summarize the upper limb lengthening procedures in achondroplasia. The average gained extension is 8.3-9.8 cm, the healing index is 24.8-31.1 d/cm, and the complication for upper arm bone extension procedures is 0.79-0.88 (38, 39) . The reported sequelae include a restricted range of joint motion and fractures. It is important to conduct sufficient discussions before surgery between the patients, their families, and the orthopedic surgeon. The affiliation and specialty of the Guidelines Development Committee members and conflict of interest (COI) disclosure are shown in Appendix Table 1 .
Methods
Organization and funding source for ACH clinical practice guidelines
Process of the guideline preparation
In preparing these guidelines, clinical questions (CQs) were established in order to study the complications of achondroplasia with reference to "Guidance for the recommendation strengths, and commentary were created for each CQ. In addition, a summary of achondroplasia was mentioned in the text above. The final grading of the strength of the recommendations was determined during discussions involving all members of the guideline development committee.
Creating the clinical questions (CQs)
The PICO model (P: patients, problem, population, I: interventions, C: comparisons, controls, comparators, O: outcomes) was used for components of the CQ. With regards to creating the CQs for patient outcomes and the assessment of the relative importance of the extracted outcomes, a method was used wherein points from 1 to 9 were assigned for each outcome, with a higher score representing a more important the outcome for the patient. Points were classified as follows: 1 to 3 points were "not important", 4 to 6 points were "important", and 7-9 points were "critical"; the outcomes in the SR that were actually performed were carried out for what was judged to be "critical" with an importance higher than 6 points.
Literature search
For each CQ, the preparation committee members decided on search keywords, and after creating a search query, a search was performed using PubMed/MEDLINE (search date: January 14, 2017). The primary screening of the results was conducted by the preparation committee members and the SR committee members; items that were judged not relevant to the CQ based on the titles and abstracts were excluded. In the secondary screening, the SR committee members read the full texts and selected the papers that met the selection criteria. Furthermore, subsequent papers that were judged to be useful were added later (final addition date: March 1, 2018).
Level of evidence in the literature and overall evaluation of evidence
Because ACH is a rare disease, there were no randomized comparative trials; case-controlled studies, cross-sectional studies, and case reports were the main focus. In these guidelines, the strength of the evidence was defined as shown in Table 2 , and the strength of the recommendation was ultimately determined by evaluating the balance between benefits and risks ( Table 3) .
The strength of the recommendations for CQ was determined with the approval of all guidelines development committee members after weighing the benefits against the risks, after four SR committee members each discussed the recommended phrases prepared by the members. 
External evaluation
Precautions for use
These guidelines have been developed to assist healthcare professionals and patients in making appropriate decisions in specific clinical situations. In practical evaluations, healthcare staff members should make a comprehensive decision based on the condition of the individual patient. These guidelines are designed to aid in clinical practice and are not necessarily intended to limit individual medical care.
Time of revision
These clinical practice guidelines are expected to be revised within 5 yr. The preparation committee members for the revision will be recruited based on instructions from the Japanese Society for Pediatric Endocrinology. Furthermore, if a new situation emerges [Recommendation]
Cranial MRI is recommended to identify spinal cord compression due to foramen magnum stenosis. (Recommendation grade 1, evidence level B)
Endochondral ossification is impaired in achondroplasia (ACH). Narrowing of the foramen magnum is observed in ACH because the occipital bone that forms the foramen magnum grows through endochondral ossification. Narrowing of the foramen magnum sometimes causes spinal cord compression at the cervicomedullary junction, which can cause central sleep apnea (CSA) or sudden death (18) . In addition, neck pain, symptoms of bulbar paralysis, bladder dysfunction, paralysis, increased tendon reflexes, and clonus are observed.
Out of 51 patients with ACH, examinations were conducted on 17 patients who underwent MRI testing and polysomnography (PSG) within 6-month intervals (average age: 2.4 yr) (40) . Spinal cord compression at the head and neck transition region was observed in 8 patients (concavity/deformity of the spine at the narrowing portion), syringomyelia was observed in 1 patient, and high signal intensity on the spine with T2 high-contrast image was observed in 3 patients. Clonus and low muscle tone were observed in 1 patient with syringomyelia. CSA was observed in 1 patient with high signal intensity in a T2 high-contrast image. Sleep apnea (SA) and dysphagia were observed in 1 patient with spinal cord compression. Also, the MRI observations (degree of narrowing by measurement, T2 high signal intensity, and compression observation) did not correlate with the seriousness of SA.
Out of 10 patients with ACH in whom neurological abnormalities were observed (average age: 13 mo), a high signal intensity was observed in the T2 high-contrast image of the spine at the head and neck transition region in all 9 cases in which MRI was conducted (41).
In total, 26 patients with ACH who were introduced to orthopedics for limb lengthening, and in whom neurological symptoms and abnormalities were observed (average age: 11 yr), underwent MRI (42) . Narrowing was observed in 23 patients, of which, serious cervical cord compression (kinking or pinching on the cervix and medulla oblongata junction of the foramen magnum) was observed in 13 patients, and syringomyelia in 1 patient.
The age at which neurological respiratory symptoms develop can vary, and it is difficult to determine a recommended age for MRI testing (43) . There are cases in which the patient has had neurological respiratory symptoms since the neonatal period (43) (18) .
From the above, cranial MRI examination is useful for the identification of spinal cord compression due to foramen magnum stenosis, as screening with MRI of asymptomatic patients remains controversial. Great caution should be exercised to find neurological symptoms and abnormalities.
CQ2: Is foramen magnum decompression effective for spinal cord compression due to foramen magnum stenosis? [Recommendation] Foramen magnum decompression is recommended for managing spinal cord compression due to foramen magnum stenosis associated with neurological symptoms and abnormal neurological findings, and central respiratory disorders. (Recommendation grade 1, evidence level B)
[Interpretation]
Endochondral ossification is impaired in ACH. Narrowing of the foramen magnum is observed in ACH because the occipital bone that forms the foramen magnum grows through endochondral ossification. Stenosis of the foramen magnum sometimes causes spinal cord compression at the cervicomedullary junction, which can cause central sleep apnea (CSA) or sudden death (18) . The foramen magnum decompression procedure is conducted in approximately 5%-25% of cases (17) . The surgeries conducted are often suboccipital craniectomy and C1 laminectomy (17, 44, 45) . Investigations should be conducted to determine whether or not foramen magnum decompression is effective for managing spinal cord compression due to foramen magnum stenosis associated with neurological symptoms and abnormal neurological findings, and central respiratory disorder.
In a case-control study of 167 patients with ACH, the 109 patients who were followed-up were divided into two groups, with and without the foramen magnum decompression procedure, to compare the patients' health-related QOL (46 limb tendon reflex, clonus, (ii) CSA/central hypopnea, (iii) an MRI examination showing compression or reduction of cerebrospinal fluid. The postoperative observation period was 10.2 yr, and the 54 patients who did not meet these criteria or had no neurological symptoms (average age: approximately 31 yr) did not undergo the foramen magnum decompression procedure. According to the SF-36 instrument, which evaluates health-related QOL, there were no significant differences between the two groups in terms of age and sex, even after adjustment. Deaths occurred in 1 patient from the group that received the decompression procedure, and 12 patients from the group that did not have the decompression procedure. It was concluded that the foramen magnum decompression procedure was effective since there were no differences according to the SF-36 between the group with the decompression procedure conducted (more serious) and the group without the decompression procedure (milder).
There were 43 patients with ACH (mean age: 70 mo) who underwent foramen magnum decompression (45) . The following symptoms were observed in 42 patients (tendon reflex acceleration or clonus: 21 patients; hypotonia: 12 patients; obstructive sleep apnea: 15 patients; CSA: 7 patients). The mean observation period was 70 mo, and improvement of symptoms was observed in all patients. The complications observed were leakage of cerebrospinal fluid (7 patients); reoperation (5 patients); infection (2 patients); and pseudomeningocele (1 patient).
There were 37 patients with ACH with neurological symptoms who underwent foramen magnum decompression (mean age: 29 mo) (44) . The symptoms observed were 28 patients with hypotonia; 12 patients with myelosis; and 5 patients with growth retardation. An improvement in symptoms was observed in 29 out of 37 patients. The mean observation period was 67.4 mo. The complications observed were dural laceration (3 patients) and bleeding from heterotopic venous sinus (1 patient).
Virtually all of the 18 patients with ACH with neurological and respiratory symptoms (mean age: 23 mo) underwent foramen magnum decompression (17) . At least one of the symptoms from the group including quadriplegia, tendon reflex acceleration, clonus, sleep apnea (SA), and cyanosis was observed in all 15 patients before the procedure. Respiratory arrest was observed in 1 patient, 1 patient had hydrocephalus, and 1 patient had a T2 high signal intensity in a high-contrast image in the MRI examination of the top of the cervical cord. The mean observation period was 8 yr and 2 mo. Complications related to the surgery included 2 patients with dura mater injury, and 1 patient with bleeding from the dural venous sinus. In total, 14 out of 18 patients had a favorable long-term clinical course. One case with respiratory arrest did not improve, and the patient died. 1 patient had a tracheotomy procedure, continued CSA, and had an unknown long-term prognosis.
In total, 10 patients with ACH who had abnormal neurological findings underwent foramen magnum decompression (mean age at surgery: 12.5 mo [4-23 mo]) (41) . The mean postoperative observation period was 21.7 mo. Improved motor function was observed in 7 patients, there were no changes in 2 patients, and exacerbation in 1 patient. An improvement in SA was observed in 7 patients, but it worsened in 1 patient.
Among the 53 patients with ACH who were referred with no CSA or neurological symptoms (average age: 11 mo), and the 52 patients with ACH who were referred due to concerns over respiratory symptoms and neurological symptoms (average age: 24 mo), the foramen magnum decompression procedure was performed on those in whom neurologic abnormalities were observed, 5 patients and 5 patients (16), respectively. Neurological symptoms improved in 9 out of 10 patients, while postoperative neurological symptoms persisted in 1 patient for whom surgery was delayed. Postoperative transient cerebrospinal fluid leakage was observed in 1 patient.
From the above, symptoms can improve in many cases when foramen magnum decompression is conducted in patients with ACH with foramen magnum stenosis accompanied by neurological symptoms, neurological abnormalities, or central respiratory disorder. Because treatment has poor efficacy when the intervention is too late, neurological symptoms and findings, and respiratory status are assessed in patients with ACH so as not to overlook patients with surgery indications. Furthermore, according to an international expert panel, in cases of spinal cord compression due to foramen magnum stenosis or spinal signal changes, or depressions in the spinal cord (indentations) due to neurological abnormalities and substantial foramen magnum stenosis from an MRI examination, a foramen magnum decompression procedure is recommended with semi-urgency (18) . On the other hand, in cases with only spinal cord compression due to the foramen magnum stenosis without spinal cord signal changes or neurological symptoms, foramen magnum decompression is not recommended.
CQ3: Is cranial MRI useful for identifying hydrocephalus?
[Recommendation]
MRI cranial examination is recommended to identify ventricular enlargement with neurological symptoms (hydrocephalus). (Recommendation grade 1, evidence level B)
[Interpretation]
Ventricular enlargement is commonly observed in ACH. Basicranial hypoplasia due to impaired endochondral ossification produces jugular vein stenosis, which in turn blocks the cerebrospinal fluid flow. Elevated dural venous sinus pressure due to jugular vein stenosis causes impaired cerebrospinal fluid resorption, which in turn causes ventricular enlargement. In addition, the development of venous collaterals is thought to contribute Clin Pediatr Endocrinol doi: 10.1297/cpe.29. 25 to the stability of the pathological conditions (47) . Most of the hydrocephalus in ACH is "communicating," so there are few symptoms other than that of head enlargement and ventricle enlargement, which is also expressed as compensated hydrocephalus (18) . However, hydrocephalus is considered to be a serious complication of ACH because some patients show neurological symptoms and require treatment (2) . Symptoms of hydrocephalus include irritability, a bulging anterior fontanelle, enlarged head circumference, headache, vomiting, papilledema, abducens nerve paralysis, hemiplegia, loss of consciousness, hypertension, and bradycardia. An urgent head CT examination is often performed in the course of hydrocephalus examination; however, a cranial MRI examination is not only used for an assessment of ventricular enlargement, but there is an advantage in that it is easy to evaluate foramen magnum stenosis.
In total, 17 asymptomatic patients with ACH (mean age: 4.8 yr) underwent cranial MRI scans (48) . Progressive ventricular dilation was recognized in 5 patients (1 to 8 yr old), non-progressive ventricular enlargement in 6 patients (7 mo to 12 yr of age), and normal-sized ventricles in 6 patients (6 mo to 15 yr of age).
A cranial MRI examination was performed for 10 patients with ACH suspected of spinal cord compression in the head and neck transition area (mean age: 2.9 yr) (49) . The cerebral ventricular size can range from moderately enlarged to normal. Progressive ventricular enlargement was observed in 2 out of 6 patients who could be continuously evaluated. In addition, 6 patients had foramen magnum stenosis, and 2 patients with cerebellar tonsillar herniation had central apnea and intermittent suboccipital headaches.
Cranial MRI examination was performed on 8 patients with ACH (mean age: 5.7 yr) with no abnormal neurological signs (50) . Ventricular enlargement was seen in 5 patients, among those, 1 was severe, 2 were moderate, and 2 were mild.
Cranial MRI examination and neuropsychological evaluation were performed on 16 ACH school-aged patients (mean age: 7.4 yr) (51) . Of the 11 patients who underwent MRI examination, 9 patients showed ventricular enlargement, while 2 did not.
Cranial MRI examination was performed in 2 patients with ACH with chronic headache (12 and 14 yr old) (52) . Enlargement was noted in the lateral ventricle and the third ventricle, and an improvement of symptoms was observed by endoscopic third ventriculostomy (endoscopic third ventriculostomy).
A cranial MRI examination was performed in 2 patients with ACH who had neurological symptoms and ventricular enlargement (53) . One of these was a girl with ventricular enlargement who was 7 yr of age; MRI examination showed ventricular enlargement and foramen magnum stenosis, and ventricular pressure monitoring showed brain hypertension. The other patient was a boy with visual impairment who was 17 mo old; an MRI examination showed ventricular enlargement and foramen magnum stenosis, ophthalmic examination revealed optic nerve atrophy, and ventricular pressure monitoring showed brain hypertension. The brain pressure was decreased by a ventriculoperitoneal (VP) shunt in both of these patients.
From the above, cranial MRI examination is useful for the identification of ventricular enlargement and hydrocephalus. However, since the therapeutic intervention is not determined solely by MRI findings, continuous evaluation is necessary together with assessing the presence of progressive enlargement of the head circumference and clinical symptoms.
CQ4: Is shunt surgery effective for managing ventricular enlargement?
Shunt surgery is recommended for managing ventricular enlargement associated with neurological symptoms (hydrocephalus). (Recommendation grade 1, evidence level C)
Ventricular enlargement is commonly observed in ACH. Basicranial hypoplasia due to impaired endochondral ossification produces jugular vein stenosis, which in turn blocks the cerebrospinal fluid flow. Elevated dural venous sinus pressure is also assumed to contribute to ventricular enlargement (18) . The ventricular enlargement in ACH is generally communicating, and although true hydrocephalus (ventricular enlargement with neurological symptoms) is rare, it is a serious complication (2) . Symptoms of hydrocephalus include irritability, a bulging anterior fontanelle, enlarged head circumference, headache, vomiting, papilledema, abducens nerve paralysis, hemiplegia, loss of consciousness, hypertension, and bradycardia. In cases of hydrocephalus that lack symptoms other than head enlargement and ventriculomegaly, a ventriculoperitoneal (VP) shunt is generally not employed. The proportion of cases undergoing shunt surgery ranges from 4.3%-50%, with reports varying widely (17) . Also, to prevent slit ventricle syndrome after shunting when there is significant intracranial hypertension, the use of a flow-regulated valve (automatic variable resistance valve) system or a programmable valve (variable pressure type valve) system is advisable.
In 2 patients with ACH (4 yr and 2 mo old and 4 yr and 8 mo old) who showed vomiting or horizontal nystagmus and ventricular enlargement, symptoms disappeared after the VP shunt procedure was performed; the observation periods were 4 yr and 2 yr, respectively.
When a VP shunt procedure was performed on an ACH patient (15 yr old) with hemifacial spasm, headache, and ventricular enlargement, the symptoms disappeared (54, 55 In cases with hydrocephalus and headache, it has been reported that the symptoms have disappeared following endoscopic third ventriculostomy (17) .
Although only a small number of case reports have been seen, it has been recognized that the neurological symptoms have disappeared, and the VP shunt is considered to be effective for ventriculomegaly with neurological symptoms. Experience demonstrates the efficacy of endoscopic third ventriculostomy (ETV) (18) . However, an adequate preliminary investigation is required in order to determine whether the neurological symptoms are caused by ventricular enlargement. In addition, for hydrocephalus cases with foramen magnum stenosis, while some are of the opinion that foramen magnum decompression improves ventricular enlargement (18) , exacerbation has also been reported (47) , and therefore no consensus has been reached.
CQ5: What diagnostic methods are recommended for sleep apnea? [Recommendation]
Simple sleep studies and polysomnography are selected based on the individual circumstances. (Recommendation grade 1, evidence level C)
It has been reported that breathing disorders during sleeping, including sleep apnea (SA), are observed in 30%-60% of infants with ACH (18) . SA is considered to be a cause of increased infant mortality in patients with ACH and is classified into obstructive, central, and mixed types. It has been reported that central sleep apnea (CSA) has frequently been found in cases where a decompression procedure is required for spinal cord compression at the cervical spinal cord junction due to foramen magnum stenosis (16) . Although polysomnography (PSG) is recommended as an assessment of SA, the available facilities for children are limited (18) . In PSG, oxygen saturation (SpO 2 ), nose and mouth airflow, snoring, body position, respiratory movement on chest and abdomen, electrocardiogram, EEG, eye movement chart, the mentalis muscle EMG chart, and the anterior tibialis muscle EMG chart are evaluated. On the other hand, in the simple sleep test, an SpO 2 monitor and nasal pressure sensor are used. Simple sleep studies cannot differentiate between the central and obstructive types of apnea. Also, in Japan, facilities for which PSG can be performed for children are limited, so a comprehensive evaluation should be made using screening tests such as interviews, medical examinations, home videography, and overnight pulse oximetry. However, it should be noted that although PSG is the gold standard for sleep testing, a sleep test intermediate between simple sleep test and PSG can be performed (56) . PSG was performed on 88 patients with ACH, including 5 patients who had undergone tracheostomy and 7 patients who were receiving oxygen (median age: 1.2 yr) (57) . The median number of episodes of obstructive sleep apnea (OSA) is 0 times/hour (range: 0 to 19.2), and for CSA accompanied by oxygen reduction it is 0.5 times/examination (0 to 49). The minimum SpO 2 is 91% (50%-99%). Approximately 48% of the ACH children had abnormal breathing during sleep (mostly hypoxia), and it was concluded that a relatively high number of patients suffer from severe sleep apnea. PSG was performed in 22 patients with ACH (mean age: approximately 3 yr) (58) . Symptoms including malaise (4), excessive sweating (15), SA (7), labored breathing (6), and cyanosis (1) were observed. A decreased oxygen concentration in 19 patients, CSA in 1 patient, and OSA in 8 patients were also observed.
In studies where PSG was performed in 46 patients with ACH (mean age: 3.9 yr), asymptomatic cases were also included, and snoring was observed in 32 patients (59) . Some patients were also affected by oral respiration, nocturnal awakening, and daytime somnolence. OSA was observed in 25 patients; the median OSA index was 0.8 events/h (range: 0 to 28.5), the central apnea index was 0.8 events/h (0 to 6.2), and the apnea-hypopnea index (AHI) was 6.5 events/h (0 to 33.5). There were 21 patients with an AHI < 5, 13 patients with mild OSA (AHI: 5 to 10), 7 patients with moderate OSA (AHI: 10 to 15), and 5 patients with severe OSA (AHI > 15). The mean of the lowest values of all 46 patients' SpO 2 was 88.0% (72 to 96).
In 43 patients with ACH (mean age: 3.9 yr), sleep tests (41 patients) and PSG (2 patients) were conducted (60) . Among 43 patients, adenoid and tonsil removal (6), adenoid removal (9), and brain surgery (6: of these, 5 had foramen magnum decompression) were performed before the sleep examination. OSA was observed in 24 patients, which could be broken down as 13 mild (AHI 1.5-5), 4 moderate (AHI 5-10), and 7 severe cases (AHI 10 or more). The minimum SpO 2 (%) for mild OSA patients was 87% ± 7% (mean ± SD), for moderate patients with OSA was 86% ± 6%, and for severe patients with OSA was 75% ± 14%.
Clinical information, sleep function test, and lung function tests were performed in 17 patients with ACH (median age: 11 mo) who had respiratory symptoms before the age of 1 yr (23). Signs and symptoms include OSA, neurological symptoms, and right ventricular hypertrophy. OSA was observed during sleep studies in all patients. The number of decreases to 4% of the SpO 2 was 0 to 82 times/examination, the proportion below 92% of SpO 2 during sleep was 0% to 95%, and the number of CSA events was 0 to 5 times/examination. As a result of subsequent scrutiny, adenectomy and tonsillectomy were performed in 7 patients, and foramen magnum decompression was performed in 2 patients.
From the above, PSG is useful for evaluating the SA of ACH. Although only a few studies have been conducted, a simple sleep test can also be useful as a Clin Pediatr Endocrinol doi: 10.1297/cpe.29.25 screening for SA. When SA is found, it is important to search for causes such as hypertrophy of the adenoids and tonsils, and foramen magnum stenosis.
CQ6: Is noninvasive positive pressure ventilation useful for managing obstructive sleep apnea? [Recommendation] Noninvasive positive pressure ventilation is suggested for managing obstructive sleep apnea. (Recommendation grade 2, evidence level C)
Obstructive sleep apnea (OSA) is common in patients with ACH, and this complication is reported in more than 50% of patients (18) . A narrow trachea, midfacial hypoplasia, and muscle hypotonia are believed to be the primary factors. The main noninvasive positive pressure ventilation (NPPV) methods used are continuous positive airway pressure (CPAP) and bilevel positive airway pressure (BiPAP) (61) .
An overnight sleep test and somatosensory evoked potential test were performed in 30 ACH patients (median age: 6.6 yr), and treatment was deemed necessary in 17 patients (62) . Nasal CPAP was used in 13 patients, adenoid tonsillectomy was performed in 3 patients, and weight loss therapy was performed with 1 patient. The results showed improvement in the respiratory disorder indices, nocturnal body motion and waking, and obstructive events.
Polysomnography (PSG) was performed in 45 patients with ACH (mean age: 3.9 yr), of whom, 25 were diagnosed with obstructive sleep apnea (59) . Among these, nasal CPAP was used in 9 patients, and improvements in respiratory index, awakening index, and SpO 2 were observed.
A sleep test was implemented in 43 patients with ACH (mean age: 3.9 yr), (simple sleep test in 41 patients and PSG in 2 patients) (60) . Procedures had been performed before the sleep test in some of these 43 patients, including adenoid and tonsil removal (6 patients), adenoid removal (9 patients), and brain surgery (6 patients; of these, 5 underwent foramen magnum decompression). OSA was observed in 24 patients. There were no severe OSA cases among the patients who underwent adenoid tonsillectomy (apneahypopnea index (AHI) ≥ 10). In total, 2 patients who received CPAP therapy showed improved SpO 2 at night. Although OSA was not observed, 1 patient in whom alveolar hypoventilation was recognized showed improvement when CPAP was received.
Among 30 patients with ACH (median age: 3.0 yr), NPPV was performed for 5 patients in whom alveolar hypoventilation persisted (63) . Three patients continued to exhibit abnormal overnight PSG findings following upper airway surgery. CPAP was received by 1 infant, and ventilation by BiPAP was used in the remaining 4 patients; the results showed a reduced AHI and improved SpO 2 . Furthermore, improvements in speech development, concentration ability, and daily fatigue were observed.
From the above, although there are few cases in which the effects of NIPPV were examined in patients with ACH, this is suggested as one of the treatments for OSA since its efficacy has been reported as described above.
CQ7: Is tonsillectomy or adenoidectomy useful for managing obstructive sleep apnea? [Recommendation] We suggest surgical treatment when obstructive sleep apnea is present with tonsillar/adenoid hypertrophy. (Recommendation grade 2, evidence level C)
Obstructive sleep apnea (OSA) is common in patients with ACH and has been reported in ≥ 50% of patients with ACH (18) . Midfacial hypoplasia and relative hypertrophy of the adenoids and tonsils are considered to be the main contributing factors (5) . It has been reported that while some cases have responded well to adenotonsillectomy, in some cases there was no improvement in apnea following surgery (4) .
Sleep tests were performed among 43 patients with ACH (mean age: 3.9 yr) (simple sleep test in 41 patients and polysomnography (PSG) in 2 patients) (60) . The procedures were performed before the sleep test in some of these 43 patients, including adenoid and tonsil removal (6 patients), adenoid removal (9 patients), and brain surgery (6 patients; of these, 5 underwent foramen magnum decompression). OSA was observed in 24 patients, but there were no severe OSA cases (apnea-hypopnea index [AHI] ≥ 10) in patients who underwent adenotonsillectomy.
Adenotonsillectomy was performed after PSG in 8 patients with ACH (median age: 2.0 yr) (57) . Although there were no significant differences in sleep architecture before and after surgery, many cases had obstructive hypoventilation rather than complete CSA. Among 4 serious cases (AHI of 11.9, 25.8; minimum SpO 2 of 33%, 53%), there were significant improvements in the AHI and SpO 2 .
In total, 22 patients with ACH were examined in the otorhinolaryngology department (64) . Of these, 7 underwent adenotonsillectomy; tonsillar/adenoid hypertrophy was present in all cases before surgery, and 5 patients had PSG abnormalities. After surgery, clinical improvement was observed in 4 patients, OSA continued in 2 patients, and 1 patient died from postoperative acute respiratory distress syndrome (ARDS).
Adenotonsillectomy was performed on 4 patients with ACH with tonsillar/adenoid hypertrophy and PSG abnormalities (58) . Although there was no significant improvement in AHI following surgery, improvements in the SpO 2 and TpCO 2 were observed. From the above, although there are few cases in which the effect of adenotonsillectomy was examined in patients with ACH, the efficacy has been reported as described above; therefore, it is suggested as one of the treatment methods for OSA with recognized tonsillar/ adenoid hypertrophy.
CQ8: Does the onset of pulmonary hypertension occur during achondroplasia? [Recommendation] (Recommendation none, evidence level D)
The mechanism of onset of pulmonary hypertension in patients with ACH is unclear. Upper airway obstruction, narrow thorax, central apnea, and intermittent alveolar hypoventilation are assumed to be factors (65) . Only 1 case of pulmonary hypertension in an ACH patient has been reported (65) (66) (67) . Sleeping disorders were observed in 3 patients, an improvement in pulmonary hypertension was observed in 2 patients (age: 11 mo and 18 mo) who were treated with foramen magnum decompression (65, 66) , and 1 patient (age: 5 yr) who underwent adenotonsillectomy (67) .
There is no recommendation from the above because the number of reported cases was small; however, in patients with ACH, it is possible to develop pulmonary hypertension due to sleep disorder, foramen magnum stenosis, and tonsillar/adenoid hypertrophy, which require attention. CQ9: Is spinal decompression useful for managing spinal canal stenosis? [Recommendation] Spinal decompression is recommended for managing the spinal canal stenosis associated with neurological symptoms. (Recommendation grade 1, evidence level B)
[Interpretation]
Spinal canal stenosis is frequently observed in older children and adults with ACH (1). The symptoms of spinal canal stenosis include pain in the extremities, numbness, muscle weakness, motor impairment, intermittent claudication, and bladder and rectal disorders. A diagnosis of spinal stenosis is made for 6.5% of patients by the age of 20 yr and 17% of patients by the age 40 yr; approximately 40% of these patients are reported to have had surgery (19) . Another report indicates that the neurological symptoms associated with lumbar spinal canal stenosis are observed in 78% of patients with ACH, and it was reported that surgical intervention was necessary in 1/3 of these patients (68) . In patients with ACH, shortening of the pedicle (especially the thoracolumbar spine), reduction of the distance between the pedicles of the lumbar vertebrae, and thickening of the lamina can increase the incidence of spinal column stenosis (69) . The authors report that many patients with ACH are seen in neurosurgery outpatient clinics for the chief complaint of intermittent claudication due to congenital spinal column stenosis in the lumbar region. In addition, it has been reported that a degenerative narrowing of the spinal canal in the lower thoracic vertebra is often recognized in some patients who complain of a change in gait. Facet hypertrophy, yellow ligament hypertrophy, as well as intervertebral disc degeneration have been indicated as causes. It is desirable that spinal laminectomy be performed by an experienced surgeon before irreversible damage to the spine occurs (1) .
Laminectomy was performed on 49 patients with ACH with spinal canal stenosis who had neurological symptoms (mean age: about 38 yr) (70) . The period from symptom onset to surgery was shorter, and the degree of improvement in the distance walked was favorable. In addition, in cases in which surgery was performed by 6 mo after the appearance of symptoms, an improvement in the Rankin level (degree of disability) was observed, but no improvement was observed in cases in which surgery was performed after 7 mo. Approximately 31% of patients were observed to have intraoperative complications such as dural dissection, and approximately 41% had postoperative complications such as infection.
Among 44 patients with ACH (mean age: approximately 13 yr) with spinal stenosis who had neurological symptoms, 60 spinal decompressions were performed (71) . Spinal decompression was performed 43 times in regions other than the neck, and an improvement in neurological symptoms was observed in all patients. Patients underwent reoperation 11 times, and spinal fixation was also performed 43 times. Complications, such as dural dissection, were observed in 7 patients.
Interlaminar decompression was performed in 36 patients with ACH (10 to 73 yr of age) with lumbar spinal canal stenosis who had neurological symptoms (72) . The neurological symptoms disappeared completely in 25 patients, and 8 patients showed partial improvement in symptoms. The procedure was ineffective in 2 patients and follow-up was not possible for 1 patient. Extradural hematoma was observed in 1 patient.
Thoracic decompression was performed in 30 patients with ACH (mean age: approximately 15 yr) with thoracolumbar spinal stenosis who had neurological symptoms (68) . An improvement in symptoms was observed in many cases, and neuropathic gait disappeared in all patients. Sensory disorders, lower back pain, incontinence, ataxia, radiculopathy, and muscle weakness persisted in some cases, while complications such as dural dissection were observed in 13 patients.
For 20 patients with ACH (mean age: 51 yr) with thoracic canal stenosis who had more than one neurological symptom, laminectomy or interlaminar decompression was performed (69 In 10 pediatric patients with ACH (mean age: approximately 15 yr) with spinal stenosis who had neurological symptoms, laminectomy was performed on vertebrae 5 to 8 (73) . Kyphosis was recognized in all cases 10 mo to 2.6 yr after operation, and spinal fusion was performed. When performing a laminectomy on ≥ 5 vertebrae, it is often better to perform spinal fusion at the same time.
Based on the above, we believe that spinal decompression is effective for managing spinal canal stenosis associated with neurological symptoms. Future research on spinal fusion is required.
CQ10: What is the frequency of developmental disorders?
Delayed speech is observed in 25% of cases. (Recommendation grade 1, evidence level C)
The literature describing the clinical management of ACH indicates that the development of gross movement is delayed, but it is denoted that delays in terms of intelligence are infrequent, speech delay is present in 25% of cases, and the incidence of conductive deafness is 40% (4). As a report on the development of ACH, there is an observational study of the following three reports from Australia, in which an evaluation was performed based on a questionnaire relating to ACH.
From a compilation of answers to family questions regarding the development of 20 children with ACH up to the age of 2 yr, delays in gross exercise, communication ability, and eating ability were observed, but no delays in fine movement were recognized (74) .
In addition, in the evaluation of 48 children with ACH, it was reported that milestone delays were observed in gross motor and communication ability (13) .
In addition, in a study examining 35 children (3 to 7 yr of age) with achondroplasia, delays were reported in the ability to do things for oneself, mobility, and social cognition (75).
CQ11: At what age is limb lengthening appropriate?
We suggest that leg lengthening should be possible after the age of 12 yr under informed assent. (Recommendation grade 2, evidence level D)
Available indexes for the progress in the treatment of leg lengthening surgery include the lengthening index (LI) and the healing index (HI); these are defined as any period during which a lengthening of 1 cm is required.
In a paper that examined LI in lengthening cases for 251 patients, age 3 to 50 yr (average: 15.3 yr), the LI differed depending on the age, background disease, and target site; the younger the age, the lower the LI, or in other words, the easier it was to perform the lengthening. For example, by age, at age 3 to 9 yr, the LI was 1.4 mo/ cm; at age 10 to 17 yr it was 1.6 mo/cm; at age 18 to 21 yr it was 1.7 mo/cm; and at age 22 to 50 yr it was 2.4 mo/cm. In the investigation according to disease, ACH is reported as having an LI of 1.2 mo/cm (38) .
In a literature report that examined the frequency of fracture after performing 111 leg lengthening surgeries in 58 patients, the age at which leg lengthening was begun was reported as 10.1 years (range: 2.1 to 20.3 yr) (76) .
Also, according to a systematic review of 12 references on leg lengthening, the decision to begin leg lengthening surgery should be made by the patient themselves, and the recommended age at which the decision can be made is 12 yr and older (35) .
In reports of performing leg lengthening for 3 patients with ACH among 36 patients, the procedure was begun at age 11.1 yr (range: 3 to 18 yr) (77) .
In a study comparing the complications from the first and second operations among 6 patients (2 of which had ACH), the initial lengthening surgery was reportedly performed on average at the age of 8.5 yr, and the second at age 11.5 yr (78) .
In a report of leg lengthening surgery for 58 patients with ACH, the starting age was reported as ACH 16.7 ± 0.49 yr (79) .
In systematic reviews, including 18 clinical studies, leg lengthening surgery was performed a total of 1,581 times in 547 patients, with an average total time elapsed of 4.3 yr; among these were 367 patients with ACH/ hypochondroplasia (HCH), with lengthening surgery performed 1,111 times (620 times on the tibia and 491 times on the femur), and the average elapsed time was 4.1 yr. The start time of leg lengthening in ACH/HCH cases was at an average age of 14.5 yr (4 to 35 yr), with an average reported lengthening of 9.5 cm (6-12 cm), and the reported average HI was 30.8 d/cm (24-41 cm) (36) .
According to the report, the age range for the time the procedure was begun is broad, and the age for starting is also considered to be low from the LI and HI; therefore, these guidelines propose that informed consent should be obtainable from patients age 12 yr and older. Leg lengthening is a long-term treatment; considering various factors such as complications and surgical marks left after surgery, it is necessary to take into account the patient's own decision-making ability to undergo the leg lengthening surgery. Regarding the time that the surgery is begun, it is desirable to have adequate consultation with an experienced orthopedic surgeon who has considerable experience in leg lengthening surgery, and to make a decision based on the circumstances of each case. 
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